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Cancer chemotherapy caused side effects:

üBone defects;

ügrowth arrest

üosteoporosis

üincreased risk of fractures 

in pediatric patients 

and 

in adult survivors

Schriock et al., 1991; Halton et al., 1996; Ahmed et al., 1997; van Leeuwen et al., 2000
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Targets of chemotherapy

GERBER D ., Amer. Academy of Family Physicians, 2008

http://en.wikipedia.org/wiki/File:Methotrexate_1u72.svg


Methotrexate (MTX) 

üDihydrofolate reductase inhibitor 
(inhibiting purine synthesis)

üAnti -metabolite commonly used in childhood 
oncology
üKnown to cause bone growth defects clinically

MTX



Animal Model of Acute MTX Chemotherapy
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Fan et al. Bone 2009

Xian  et al. J cell physiol 2008; Xian et al. Bone 2007; 

Xian et al. Cancer Biol ther 2007; Xian et al. JCB 2006; 

Xian et al. Bone 2004



MTX chemotherapy causes multiple bone 

growth defects in immature long bones 
g

ro
w

th
 p

la
te

B
o

n
e

 tr
a

b
e

cu
la

e

Fan et al. Bone 2009

Xian  et al. J cell physiol 2008; Xian et al. Bone 2007; 

Xian et al. Cancer Biol ther 2007; Xian et al. JCB 2006; 

Xian et al. Bone 2004



MTX chemotherapy causes multiple bone 

growth defects in immature long bones 

Xian et al 2007, Bone; Xian et al 2008, J Cell Physiol; Fan et al 2009, Bone 

üReduced height of the growth plate
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ü Reduced matrix synthesis in the growth plate;



MTX, Day 6Normal

PS

üReduced height of the primary spongiosa
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MTX chemotherapy causes multiple bone 

growth defects in immature long bones 



Days since the fist MTX dosing
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üReduced bone volume
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MTX blocks proliferation of bone marrow 

stem cells
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MTX Day 9Normal
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ü Increased numbers of osteoclasts on trabecular 
bone surface

MTX activates osteoclastogenesis



ü I ncreased # osteoclast progenitors, CD11b-positive cells

Primary bone marrow hematopoietic cell population

C. Fan et al. Bone 2009

MTX activates osteoclastogenesis
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ü increased number of osteoclast progenitors

Tristan King

MTX activates osteoclastogenesis



MTX chemotherapy increases expression of 
osteoclastogeniccytokines
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MTX chemotherapy causes multiple bone 

growth defects in immature long bones 
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Reduced cartilage scaffold for bone 
formation:
ÅSuppression of chondrocyte

proliferation 

ÅInduction of chondrocyte apoptosis

ÅReduced matrix synthesis in the growth 
plate;

Induction of osteopenia or osteoporosis:

ÅReduced formation of trabeculae ;

ÅReduced proliferation of osteoblasts
and marrow stromal progenitor cells;

ÅIncreased adipogenesis in bone 
marrow;

ÅIncreased osteocyte apoptosis;

ÅIncreased osteoclast formation, 
osteoclast surface, and resorption of 
trabecular bone
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Fan et al. Bone 2009

Xian  et al. J cell physiol 2008; Xian et al. Bone 2007; 

Xian et al. Cancer Biol ther 2007; Xian et al. JCB 2006; 

Xian et al. Bone 2004



Currently:

NO effective remedy 

to combat the adverse effects 

of chemotherapy.

Problems:


